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FULL AMPLIT!DE MODELS OF 15 DAY CEPHEIDS

B.C. Cogan and A.N. Cox
Los Alamos Scientific Laboratory

D.S. King
University of New Mexico

ABSTRACT

Numerical models of Cepheids have been computed
with a range of effective temperatures aud compositions.
The amplitudes increase if the helium abundance increases
or if the effective temperature decreases. The latter
effect is contrary to observational data. The models
alsov exhibit velocity amplitudes which are much lower
than those observed.

The purpose of the calculations to be discussed here 1s to see how
successful ncn~linear hydrodynamic models are in reproducing the observed
trends in the amplitudes of Cepheid variables. To narrow this down, we
have computed a series of models that have periods close (within 1%) to
15 days, and masses derived from evolutionary cal-~ulations. Initially we
wanted to look at two trends: (1) the variation of amplitude as the effective
temperature is changed, and (2) the effect upon the amplitude of changing
the helium abundance in the envelope.

There exists sufficient data to be able to draw conclusions about the
observed variation of amplitude with color (Cogan, 1980). 1If onc looks at
Cepheids with periods greater than 12 days, there is a systematic trend of
decrea.ing bolometric amplitude from the blue to the red side of the instability
strip. In addition there are a few low amplitude blue stars. This 1is based
upon 26 stars all of which have well-determined intrinsic colors. The bolo-
metric amplitudes are derived from the Johnson (B,V) color and light curves
and Flower's (1977) bolometric correction scale.

Our models were computed with the DYNSTAR code incorporating Steliingwerfl'ws
method for obtaining strictly periodic non-linear solutions (cf. Cox, et al.,
197¢;. The results of these calculations are displayed in Fig. 1, 1in which
bclometric amplitudes aire plotted against effective temperature, for both onr
mudels and the observational data. The observations of Cepheids with periods
between 12.5 and 20.0 days are represented by open and filled clrcles. The
open circles represent poorly determined data or values that may be subject
to substantial systematic errors. The effective tenperatures have been
determined by applying Flower's scale for supergiants to the intensity mean,
<B> = <V>,

Two principal series of models were calculated with chemical compositions
(X,Y,2) of (0.70, 0,28, 0.02) and (0.60, 0.38, 0.02). Thesc are represented



by the two lines in Fig. 1, the line to the left being for the Y = 0.38 models.
A single model with (0.80, 0.18, 0.02) was computed and is indicated by a
cross. In addition, a model with a 15 day first-overtone period and a com-
position of (0.70, 0.28, 0.02) is represented by en asterisk. However the
stability analysis of this model indicates that it is unstable to switching
over to the fundamental mode.

Since these models include no convective energy transport, we did not
extend the calculations to lower effective temperatures where convection is
important. The cut-off was determined by examining equilibrium models which
included convection, calculated with a temperature-dependent local mixing
length similar to that described by Deupree and Varner (1980). Non-linear
models were not computed if convection carried more than about 50% of the

flux at any point in the envelope of the corresponding convective equilibrium
model.

The velocity amplitudes of the models can also be compared with observed
radial velocities, as shown in Fig. 2. The observed velocity amplitudes have
been multiplied by 1.3 to convert them to physical pulsations velocities.

Due to the scarcity of good data no clear trend can be seen, except that the
computed amplitudes are systematically smaller than the observed ones.

Of the two trends we were interested in initially, we can consider the
recond quite briefly. Our models indicate that at a given period and effective
temperature, the amplitude is fairly sensitive to helium abundance: an increasc
of 0.1 in Y increases the holometric amplitude by about 0.25 mag and the velocit:
amplitude by about 15 km/sec. The trend of the amplitudes of the models with

temperature 1s the opposite of what 1s observed -- the amplitudes increase as
the effective temperature decreases.

Althwough the computed bolomu.ric amplitudes are about the same size as
those observed, the velocity amplitudes are much smaller. This can be seen
clearly in Fig. 3, where tke tvo amplicrudes art ,lotted against each other.

All the models frow Fig. 1 lie in a band well below all of the higher-quality
data poirts.

To try to explain this result, we computed rome additional models that werc
modifications of the Y = 0.28, log T = 3,748 model. These are indicated by
letters in Fig., 3. The A and B models have the threshold in the artificial
viscosity, as defined by Steliingwerf (1975), increased from 2.02 to 0.10 and
0.05, respectively. (The A and B models in the lower right part of the figure
represent the same modification to the overtone mndel.) Model C inrludes a
simple time-dependent convection ~=alculation, and lies in the diagram very
close to the origina! mod:l. Model D has a modified surface boundury condition
and E has the mass reduced to 2/3 of the evolutionary value. however in both
D and E it wau necessary to reduce the artificlal viscoslty threshold to zero,
and this 1s probably the main cause of the clhange in the amplitudes. The net
result of these numerical experiments is that none of the changes is of mu h
help in getting the model amplitudes to match the data.

In summary, there are two important aspects in which our models fail to
mairh nbserved amplitudes: the amplitudes increase as the effrctive temper-
atures Jecreasc, and for a given holometric amplitude the velocity amplitude
is much too small. The first discrepency also can be scen in the models
computed by Stobie (1968) some years apo. If the data have been interpreted
correctly, this cannot be ascribed to a neglect of convection rince the trend



extends to the blue edge where the convective {lux i1s very small. The

problem of the velocity amplitudes may be solved by a more detailed modeling

of the optically thin layers. In any case we seeu to be a long way from

understanding the amplitude behavior of these stars.
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FIGURE CAPTIONS

Figure 1.

Figure 2.

Figure 3.

Bolometric amplitudes of models and observations as a function
of effective temperature. Symbols defined in the text.

Velocity amplitudes of models and observations as a function
of effective temperature. Symbols as in Fig. 1.

Velocity amplitude as a function of bolometric amplitude. Open
and filled circles: observed Cepheids. Crosses and asterisk:
fundamental and overtone models from Fig. 1 and 2. Letters
represenc models described in the text.
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